Introduction
Deep vein thrombosis (DVT) and pulmonary embolism (PE) are expressions of venous thromboembolism (VTE). Cancer patients with active disease are at higher than average submit your manuscript | www.dovepress.com
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Dranitsaris et al risk compared to a non-cancer population. 1 In one study, cancer patients with solid tumors had a VTE prevalence of 7.8% (95% confidence interval [CI]: 6.2%-9.4%) or 1 event per 12.8 patients. 2 Following the occurrence of an initial event, the risk of recurrence remains high. 1, 3, 4 As a result, extended thromboprophylaxis in cancer patients is recommended by the American College of Chest Physicians and other groups in order to prevent recurrent VTE. [3] [4] [5] For many years, vitamin K antagonists (VKA), such as warfarin, were used for extended thromboprophylaxis in cancer patients. However, current international guidelines recommend low-molecular-weight heparin (LMWH) monotherapy over VKA for the secondary prevention of cancerassociated VTE. 4, 6, 7 The advantages of LMWH over VKA are a more favorable safety profile, fewer interactions with food and other drugs and a more predictable anticoagulation response, which eliminates the need for continuous blood monitoring. 4, 6, 7 The disadvantages associated with LMWH are the need for daily subcutaneous (SC) administration for up to 6 months and the higher drug acquisition cost compared to VKA.
The three LMWH that have been investigated in randomized comparative trials against VKA in the setting of secondary VTE prophylaxis in cancer patients are enoxaparin, tinzaparin, and dalteparin. There were two small trials comparing enoxaparin to VKA and both failed to demonstrate significant improvements over VKA. 8, 9 Similarly, there were also two tinzaparin trials that failed to reach statistical significance, one being a large well-powered multinational study that enrolled 900 cancer patients. 10, 11 The only LMWH to have demonstrated a statistically and clinically meaningful benefit in terms of VTE risk reduction has been dalteparin. In the multinational CLOT (Comparison of Low-Molecular-Weight Heparin versus Oral Anticoagulant Therapy for the Prevention of Recurrent Venous Thromboembolism in Patients with Cancer) trial, patients were to receive dalteparin (200 IU/kg SC once daily in the first month, then 150 IU/kg SC once daily from months 2 to 6) or 5-7 days of dalteparin (200 IU/kg SC once daily) overlapped with and followed by an oral VKA for up to 6 months. 12 The main inclusion criteria were prior acute symptomatic VTE, and the primary end point was the first objectively documented, symptomatic recurrent DVT, or PE during the 6-month study period. During the course of the study, 676 cancer patients with a newly diagnosed VTE were enrolled. By the end of the study, 27 of 336 (8.0%) patients in the dalteparin group developed a recurrent VTE compared to 53 of 336 (15.8%) in the VKA control group (hazard ratio [HR]=0.48; p=0.002).
Safety was comparable between groups with no significant differences in major bleeding events (dalteparin=6% vs. VKA=4%; p=0.27). 12 Dalteparin also provides benefits across important patient subgroups. In a recent post hoc analysis of the CLOT trial conducted by Woodruff et al, dalteparin patients with moderate (CrCl 30-59 mL/min) to severe (CrCl 15-29 mL/min) renal impairment at randomization had lower absolute rates of VTE than those in the VKA group (3% vs. 17%; p=0.011), and the frequency of major bleeding was similar between subgroups (2.0% vs. 2.4%; p=0.46). 13 The original CLOT trial collected health care resource data, and this was initially used to perform a cost utility analysis from the Canadian health care system perspective. 14 In that study, the main conclusion was that dalteparin was economically attractive to VKA with the cost per qualityadjusted life year (QALY) being $Can13,800.
14 However in that analysis, health state utilities were estimated from a sample of oncology health care professionals (i.e., patient surrogates), which is not recommended by guidelines for the economic evaluation of drugs. 15, 16 In addition, the economic value of dalteparin as an alternative to VKA was not assessed in patient subgroups of special clinical interest, such as those with renal impairment.
In this study, an updated pharmacoeconomic analysis was conducted to determine the economic value of dalteparin from the perspective of the publicly funded Canadian health care system. Therefore, the two main questions addressed in the current analysis were as follows: does the use of dalteparin for secondary VTE prophylaxis in cancer patients provide good economic value using 2015 costs of care and more appropriate sources of clinical utility? and what is the economic value of dalteparin when used as secondary prophylaxis in cancer patients with moderate-to-severe renal impairment?
Methods
Patients groups within the CLOT trial have been previously described, 12 but they were well balanced in terms of important prognostic factors, such as age, performance status, presence of metastatic disease, history of prior VTE, and baseline renal function. Health care resource use data that were collected from the CLOT trial were extracted and used for a patient-level economic analysis. The extracted data included information on dose and duration of therapy for dalteparin and the VKA, biochemistry and hematology tests, the international normalization ratio (INR) 
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Not all aspects of health care resource use were captured in the CLOT trial. The actual type of intervention for the treatment of patients who developed recurrent VTE or for the management of related side effects was not collected. As a result, Canadian and international literature was reviewed to identify costs for the management of DVT, PE, fatal PE, and for adverse events consisting of heparin-induced thrombocytopenia, hematochezia, hematoma, hematuria, hematemesis, melena, retroperitoneal bleeding, intracranial bleeding, and intraperitoneal bleeding. [17] [18] [19] [20] [21] [22] In addition, only events of grade ≥III (National Cancer Institute's Common Terminology Criteria for Adverse Events, NCI CTCAE V4.0) were included in the economic analysis. Unless it was otherwise specified within the CLOT trial database, an assumption was made that all patients who developed DVTs were treated in the outpatient setting.
The unit costs for the individual health care resource items were obtained from the Ontario Ministry of Health and the University Health Network in Toronto. All costs were reported in 2015 Canadian dollars, and cost estimates from previous years were converted into 2015 dollars using the Consumer Price Index as reported by the Bank of Canada. The daily cost of supplies for dalteparin administration and the monthly pharmacy dispensing fee (i.e., $Can11.99) were also included in the analysis. The end product of this process was a comprehensive database consisting of patient demographic, clinical outcomes, and 2015 total cost of care for each patient enrolled into the CLOT trial. The final database was then used to conduct a patient-level univariate economic analysis between patients randomized to receive dalteparin or VKA within the CLOT trial.
Subgroup analysis of patients with moderate-to-severe renal impairment
Cancer patients with renal impairment and acute VTE are a clinically high-risk subgroup. Therefore, the economic analysis was extended to this patient subpopulation. This consisted of a univariate economic analysis on the renally impaired subgroup to determine the magnitude of the cost difference between patients treated with dalteparin relative to those who received VKA within the CLOT trial. This cost difference was then used in the subsequent cost analysis to estimate the incremental cost per VTE avoided and QALY gained with dalteparin within the renally impaired subgroup.
Statistical considerations
For the intention to treat (ITT) population and the renally impaired subgroup, the total cost of therapy between patients randomized into the dalteparin and VKA group was compared using the unpaired t-test and the nonparametric Wilcoxon rank-sum test. The cutoff significance for all of the statistical tests was set at the p<0.05 level and there was no adjustment for multiplicity. All of the statistical analyses were performed using Stata, release 11.0 (Stata Corp., College Station, TX, USA).
Health state utilities
A health state utility is a value between 0 and 1 where the former represents death and the latter a state of optimal quality of life. 23 In this study, there were four relevant health states associated with secondary VTE prophylaxis in cancer patients. They consisted of treatment with a VKA or dalteparin for up to 6 months to prevent a recurrent VTE within the general CLOT trial population and then in the patient subgroup with renal impairment. Using the Time-Trade-Off technique, the health states were measured as "healthy months equivalence" for the time spent in each health state. 24, 25 Gains in healthy months equivalence were then converted into QALYs, dividing by 12 months. To illustrate the process, a 12-month health state may have a healthy months equivalence of 6 months. Therefore, the utility would be 0.5, on a scale between 0 and 1 (6 months of healthy months equivalence/12 months in the given health state).
It has been recommended by the Task Force from the International Society of Pharmacoeconomics and Outcomes Research and the guidelines developed by the Canadian Agency for Drugs and Technology in Health that health state utilities be measured from a randomly selected sample from the general public. 16, 25 Therefore, within this study, subjects consisted of 24 volunteers from the general Canadian tax paying public that were selected through a multistage, random cluster sampling technique with postal code as the unit of selection.
To be eligible for the survey, individuals had to be ≥18 years of age, have permanent resident status in Canada, be indirectly supporting the health care system through tax contributions, and give informed consent to participate in the interview. Respondents were interviewed face-to-face by a trained field investigator via a door-to-door contact strategy. The participant's name was not asked at any point in the interview. The only personal information recorded was age, marital status, education, household income, number of children, history of VTE, familiarity with the cost of cancer drugs, and whether they had drug insurance. However, submit your manuscript | www.dovepress.com
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Dranitsaris et al no protected information was collected. Participants were assured that participation was voluntary and they were free to withdraw at any time. Permission and approval to conduct the study was received by the Quorum institutional review board, which is a central ethics review board that is fully compliant with relevant US and Canadian regulations.
After informed consent was obtained, respondents were presented with information about the natural history of VTE in patients with cancer, followed by a description of the VKA and dalteparin administration protocol. This included information on the method of administration, monitoring requirements and the associated risks and benefits. During the final part of the interview, the clinical outcomes from the CLOT trial were presented. This consisted of the risk for recurrent DVT, fatal and nonfatal PE, and major bleeding events associated with each therapy. Respondents were then asked how many months of "optimal health" they considered being equivalent to the time spent in each of the less than optimal health states described. These measures were used to weigh the duration within each health state by the quality of life experienced by a patient living through that time period. The interview process was then repeated with the presentation of data for patients with moderate-to-severe renal impairment.
Pharmacoeconomic evaluation
The two components that comprised the pharmacoeconomic analysis consisted of the incremental cost per VTE avoided and the incremental cost per QALY gained when dalteparin was used as an alternative to VKA to prevent recurrent VTE in cancer patients. These estimates were determined for both the full ITT CLOT population and the renally impaired subgroup. The two economic outcomes were calculated by dividing the difference in cost between dalteparin and VKA therapy (numerator) by the difference in VTE avoided or QALYs gained (denominator).
To test for uncertainly in the point estimates, a deterministic one-way sensitivity analysis was conducted on the base cases results. This consisted of reanalyzing the primary outcomes using the upper and lower 95% CIs of the differences in total treatment costs and utility estimates. All costeffectiveness ratios were rounded to the nearest hundred.
Results
For the original CLOT trial report, a comparison of baseline patient and clinical variables suggested that patients randomized into the dalteparin and VKA groups were well balanced. 12 However in the recent subgroup analysis, there were slightly more patients in the VKA group who had moderate-to-severe renal impairment at baseline (26.0% vs. 21.9%), but the difference failed to reach statistical significance (p=0.21). 13 A comparison of health care resource use data collected during the CLOT trial indicated that patients in the experimental group received dalteparin for a mean of 126.3 days compared to 8.0 days in the VKA group (Table 1) . After the initial 8 days of therapy with dalteparin, patients in the control group received oral VKA therapy only, which was given for a mean of 116.9 days. A comparison of laboratory and diagnostic test use indicated similar levels of utilization, 
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Secondary thromboembolism prevention in cancer patients with the exception of INR measurements, which are required for oral anticoagulation therapy with VKAs. An average of 22 INRs was measured per patient randomized to VKA therapy. The number of blood transfusions, units given and INR measurements associated with the transfusions were also higher in the VKA group (Table 1) . The comparative analysis on health care resource use was then extended to patients who had renal impairment at baseline. Increased use of some resources was also noted in this patient subgroup ( Table 2 ).
The CLOT trial was powered to detect statistically significant differences in the number of recurrent VTE between treatment groups over the 6-month trial horizon. These consisted of DVTs as well as fatal and nonfatal PEs. A statistically significant reduction in the occurrence of new VTE in patients randomized to the dalteparin group was reported (Table 3 ). In patients who received therapy in the outpatient setting, there was a hospital admission rate (regardless of cause) of 25.1% in the dalteparin group compared to 28.5% in the control (p=0.33; not statistically significant). When the cause for admission was limited to a recurrent VTE, bleeding or heparin-induced thrombocytopenia, the rates of hospital admission were 3.2% for dalteparin and 3.8% in the oral therapy group (p=0.68). Overall, these rates translated to 32 additional hospital days for dalteparin patients and 40 days in the VKA group (Table 3) . Similar benefits in favor of dalteparin were also reported in the renally impaired subgroup ( Table 3) .
The analysis was continued with the application of Canadian unit costs to all health care resources used by patients from the ITT CLOT population. Dalteparin patients had higher costs for drug therapy and for the treatment of major bleeding events relative to the VKA control group (Table 4) . In contrast, the VKA group had increased costs for laboratory monitoring, blood transfusions, and for the management of VTE recurrences. When all of the costs were combined, the total mean cost for all CLOT patients randomized into (Table 4) .
Treatment preferences and health state utilities
Treatment preferences and health state utilities for each of the four outcomes were measured from a sample of 24 members of the tax paying general public that were selected through a random multistage sampling strategy. The mean age of respondents was 52 years (range: 32-73) with 11 of 24 (45.8%) being female. Overall, 23 of 24 respondents were married, 15 (62.5%) had postsecondary school education, 11 (45.8%) were working full time, and 12 (57.1%) had annual incomes that exceeded $100,000. The final series of demographic questions focused on respondent's experience with VTE. The data revealed that only 1 of 24 subjects (4.2%) had previously experienced a VTE, which was treated with warfarin.
When the background information was presented on both drugs, respondents were asked to select their preferred secondary prophylactic intervention from an overall CLOT trial perspective. Overall, 21 of 24 (87.5%) respondents selected dalteparin over a VKA as their drug of choice. Healthy month equivalence scores and health state utilities for each alternative were then estimated from the sample. The higher preferences for dalteparin translated into higher health state utility scores (measured as healthy month equivalence). The utility of the dalteparin health state was almost twofold higher than that seen with treatment with a VKA suggesting improved quality of life ( Table 5 ). The higher utility scores for dalteparin were due to a combination of factors such as improved efficacy, a demonstrated safety profile with extended use and the ability to eliminate continuous INR monitoring. The main positive attribute that respondents indicated about VKA was the oral route of administration. Overall, the gain in healthy month equivalence was ~1.67 months with dalteparin for the full CLOT population, which corresponded to an additional gain of ~0.14 QALYs.
The utility assessment was then extended to patients with moderate-to-severe renal impairment. Under this treatment setting where dalteparin demonstrated an even greater effect size (i.e., number needed to treat=7 vs. 13 for the overall population), 23 of 24 respondents (96%) selected dalteparin as their preferred treatment. This higher preference translated into a healthy month equivalence gain of 2.0 months, which corresponded to an additional gain of ~0.17 QALYs (Table 5 ).
Pharmacoeconomic analysis
From the results in the ITT CLOT population, dalteparin was associated with an incremental cost of ~$41,200 (95% CI: $34,300-$46,200) per VTE avoided (Table 5) . One of the limitations of only reporting the cost per VTE avoided is that it does not incorporate the patient quality of life and utility gain associated with the avoidance of DVT or PE. Such benefits can only be quantified by the QALY. Therefore, the incremental cost of dalteparin (i.e., $3,202) was combined with the 0.14 QALYs gained (a gain of 1.67 health months equivalence corresponds to a gain of 0.14 QALY). The findings revealed an incremental cost of ~$23,100 per QALY gained (95% CI: $19,200-$25,800). The analysis was also done for the renally impaired patient subgroup. When used in patients with moderate-to-severe renal impairment, dalteparin was associated with an incremental cost per VTE 
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Sensitivity analysis
A series of one-way sensitivity analyses were conducted using the 95% CI of the differences in healthy months equivalent scores (1.18-2.15) and cost ($2,668-$3,588) in the full ITT CLOT population. Under the worst-case scenario for dalteparin where the highest cost difference between the two treatments was used (i.e., $3,588) along with the lowest gain in healthy months equivalence (i.e., 1.18), the cost per QALY gained with dalteparin increased to ~$36,500. Under the best-case scenario for dalteparin where the lowest cost difference (i.e., $2,668) was used along with the highest gain in healthy months equivalence (i.e., 2.15), the cost per QALY gained with dalteparin was reduced to $14,900 in the ITT CLOT population. Repeating the analysis in patients with renal impairment, the cost per VTE avoided and QALY gained changed to $23,500 and $6,800 under the two worstand best-case scenarios, respectively. These findings imply that the base case cost per VTE avoided and QALY gained estimates were stable.
Discussion
There have been a least six randomized trials comparing extended duration therapy with LMWH to VKA for secondary prophylaxis of VTE in patients with cancer. [8] [9] [10] [11] [12] From these studies, the only agent to demonstrate a statistically significant reduction in the risk of recurrent VTE has been dalteparin. 12 Following the publication of the CLOT trial, a patient-level pharmacoeconomic analysis from a Canadian health care system perspective was initially conducted.
14 Deriving health state utilities from a sample of oncology nurses and pharmacists, the study determined that dalteparin as an alternative to VKA was associated with an incremental cost of ~$13,800 (95% CI: $12,400-$15,100) per QALY gained in 2005 Canadian dollars.
14 Since that time, there have been changes in the cost of drugs, diagnostics tests, and in managing DVTs and PE. 26 In addition, recent data in patients with renal impairment prior to the start of treatment have also become available. 13 Hence, a reanalysis of the Canadian economic evaluation of the CLOT trial was undertaken, which included the collection of new health state utility data from members of the general public.
The results from this reanalysis using 2015 costs maintain that secondary dalteparin prophylaxis in cancer patients with prior symptomatic VTE is a cost-effective alternative to VKA therapy, with an incremental cost of $23,100 (95% CI: $19,200-$25,800) per QALY gained. Furthermore, the economic value of dalteparin was especially good in patients with moderate-to-severe renal impairment, with the cost per QALY gained being $14,000. Such low incremental 
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Dranitsaris et al cost-effectiveness ratios are rare in oncology today, as most drugs used in cancer patients have cost per QALY ratios in excess of $100,000. 27 Therefore, dalteparin continues to be an economically attractive drug. The main factors responsible for the differences in cost per QALY gained between the original study and the current analysis are changes in the cost of drugs, treatment of major bleeds, and the management of recurrent VTE. However, despite these changes, dalteparin remained a cost-effective therapy.
Limitations
One of the strengths of this study was the availability of patient-level health care resource use data. However, there are some limitations that need to be acknowledged. Because the data source is a randomized trial, some of the hospital resources were mandated by the study protocol and may not completely reflect standard practice. In addition, not all the health care resources needed to manage recurrent VTE were available in the trial database. Therefore, we had to rely on literature reported cost estimates for managing such events in both the hospitalized and outpatient settings. Another limitation was that indirect costs such as lost productivity and care giver costs were not included. The inclusion of indirect costs would probably have improved the economic profile of dalteparin. Finally, members of the general Canadian public instead of cancer patients with VTE were used in the utility assessment. Using general public as a utility source always presents with challenges in terms of ensuring their understanding of the health states under investigation.
Conclusion
Dalteparin used for the secondary prevention of VTE in cancer patients remains cost effective, with an incremental cost of $23,100 per QALY gained. The economic value was further enhanced in cancer patients with moderate-to-severe renal impairment, with the cost per QALY gained being reduced to $14,000. In addition to the practical advantages of dalteparin over VKA, which include less monitoring and improved efficacy, long-term dalteparin therapy remains an economically attractive alternative to VKA for the prevention of recurrent VTE in patients with cancer, especially in those with renal impairment.
